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Abstract
Background: It is well recognised that low back pain is a significant public health problem and engagement in
moderate levels of physical activity is associated with positive outcomes.
Conservative active care, such as exercise, is effective in reducing pain and disability associated with chronic low
back pain. However, a rapid decline in clinical outcomes is commonly seen after discharge from treatment.
Methods/Design: We will conduct a randomised controlled trial to investigate the effectiveness of a mobile health
supported physical activity intervention (compared to standard care) in care-seeking, pain and disability in people
with chronic low back pain after discharge from treatment. We will recruit 68 patients with chronic low back pain
following discharge from an outpatient hospital program, who will be randomly allocated to the physical activity
intervention (n = 34) or the standard care group (n = 34) and monitored for 6 months. The physical activity
intervention will involve a physical activity advice booklet, a face-to-face health coaching session and 12 fortnightly
follow-up telephone-based health coaching sessions. This intervention will be supported by provision of a specifically
designed web app and a physical activity monitoring device (FitBit). The standard care group will receive the physical
activity advice booklet only.
Discussion: This pilot trial will investigate a new model to prevent clinical decline in people following conservative
treatment for chronic low back pain. If proven to be effective, this approach will constitute a major advance in the
management of low back pain. Chronic patients who experience recurrent pain and disability after treatment are
prone to seek additional care in the form of physiotherapy, medication, emergency department attendance, specialist
consultation or spinal surgery. This model aims to maintain functional levels and reduce care-seeking empowering
patients to self-manage their low back pain by offering them a contemporary patient-centred physical activity program
with the support of mobile health technology. The outcomes of this trial will have immediate implications for clinical
practice.
Trial registration: ACTRN12615000189527 (26-02-2015).
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Background
It is well recognised that low back pain (LBP) is a signifi-
cant public health problem [1]. Relapses in pain (60 %)
and work absences (33 %) are common, making LBP one
of the most costly conditions in industrialised societies
[2]. The total cost associated with the management of
chronic LBP in Australia is estimated at AU$9.17 billion,
with the cost of indirect care and productivity losses
contributing Ai1U$8.15 billion of this total figure [2].
Cost is expected to grow with the increasing obesity cri-
sis and ageing population worldwide [3].
The clinical course of LBP is intricate. Over a 1-year
after discharge from treatment, most patients will still
have pain for a sustained period, and a small proportion
will still have persistent severe pain [4, 5]. Although ran-
domised controlled trials (RCT) investigating the efficacy
of conservative interventions for chronic LBP have
found improvements in pain and disability, patients usu-
ally exhibit a rapid decline in clinical outcomes, 3 months
after treatment discharge [6, 7]. These patients are likely
to have a new episode of LBP or continual pain and
therefore seek additional health care [8].
Previous research has shown that patients with chronic
LBP who engage in moderate to high levels of physical ac-
tivity have better prognosis in terms of pain, disability, and
quality of life than those who fail to maintain adequate
levels of physical activity [9, 10]. However, ongoing adher-
ence to such lifestyle behavior is difficult to achieve. Use
of communication technologies to increase physical activ-
ity has become increasingly popular in recent years, likely
because they facilitate access and adherence to health in-
terventions [11]. The use of physical activity monitors is
particularly effective in increasing engagement in physical
activity [12]. New generations of activity monitors are af-
fordable and provide feedback on daily steps taken and
distance travelled using internet, tablet or Smartphone in-
terfaces and social media. A recent systematic review pro-
vided strong evidence for the effectiveness of activity
monitors such as pedometers to increase physical activity
levels for patients with musculoskeletal disorders [13].
Additionally, physical activity monitors have been shown
to not only improve physical activity levels, but also to in-
crease function and reduce pain in patients with chronic
LBP [14].
Another intervention that may be effective in improv-
ing adherence to exercise is health coaching. There is
evidence that telephone-based health coaching interven-
tions lead to positive changes in health behaviours.
These include increased physical activity participation
[14], improved nutrition [15], smoking cessation [16],
and better management of chronic musculoskeletal condi-
tions such as osteoarthritis [17]. Coaching interventions
have a strong, evidence-based foundation in behaviour-
change theories such as Social Influence Theory, Social
Cognitive Theory, and the Transtheoretical Model [18]
and can be effectively delivered by telephone [19]. There
is evidence that health coaching via telephone has the po-
tential to increase activity levels in patients with LBP when
compared to usual physiotherapy care alone [20].
However, to the best of our knowledge, there are no
studies of a post-treatment physical activity intervention
consisting of mobile health and health coaching on
long-term outcomes in patients with chronic LBP.
Therefore, the primary aim of this RCT is to investigate
the effec of a patient-centred physical activity interven-
tion supported by health coaching and mHealth technol-
ogy, including a mobile web app, tailored physical
activity plan, goal setting, and feedback from affordable
physical activity monitoring device (FitBit) in care-
seeking, pain and disability in people with chronic LBP.
Secondary outcomes will be physical activity participa-
tion and goal attainment. We hypothesise that the use of
a patient-centred physical activity intervention will pre-
vent clinical decline in patients who have received the
benefits of conservative treatment for chronic LBP,
empowering them to self-manage their LBP as well as to
prevent worsening of LBP and reduce care seeking.
Methods
Study design
We will conduct a single-blinded pilot RCT to evaluate a
patient-centered physical activity intervention involving
health coaching, compared to standard care (Fig. 1). This
trial has been designed according to the CONsolidated
Standards Of Reporting Trials (CONSORT) statement
[21] and is reported according to the Standard Proto-
col Items: Recommendations for Interventional Trials
(SPIRIT) statement [22].
Participants
We will recruit 68 patients with chronic LBP from an
outpatient physiotherapy department in a public hospital
in Sydney, Australia. Consenting participants will be ran-
domly allocated to either the physical activity intervention
group (n = 34) and receive a patient-centred physical ac-
tivity promotion program involving health coaching,
mHealth tools and advice booklet, or to a standard care
group (n = 34) who will receive an advice booklet only.
Inclusion criteria
Adults over 18 years of age with chronic LBP persisting
for over 12 weeks but without radicular symptoms; who
have been discharged from a hospital-based, LBP physio-
therapy program but still have consistent pain (at least 3
in the Numerical Rating Scale); with regular (weekly)
use of a computer or internet-connected mobile/tablet
device; and fluency in English (verbal and written).
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Exclusion criteria
Any spinal surgery in the past 12 months; evidence of
nerve root, spinal cord or caudal equine compression;
severe spinal stenosis indicated by signs of neurogenic
claudication (grade 3 to 4); fibromyalgia, or systemic/in-
flammatory disorder; comorbid health conditions that
would prevent active participation in increasing physical
activity levels: cardio-respiratory illnesses; LBP caused by
involvement in a road traffic accident in the last 12 months
or ongoing litigation; current or planned pregnancy.
Recruitment method
Treating physiotherapists will screen (all) potential par-
ticipants from the outpatient Physiotherapy Department
of the Liverpool Hospital, South Western Sydney Local
Health District, Australia, and inform them about the
study. Potential participants interested in participating in
the study will receive the Participant Information State-
ment and be referred to the research team. Patients with
chronic LBP who have received any conservative physio-
therapy treatment (e.g. exercises, spinal manipulative
therapy) and meet the inclusion criteria will be invited
to participate in the trial after treatment discharge. At
treatment discharge, a research assistant will discuss the
study and offer participation to those who meet the in-
clusion criteria. If they agree to participate a signed con-
sent form will be recorded and baseline data will be
collected.
Group allocation
Random allocation to physical activity or standard
care groups will occur after confirmation of eligibility
Fig. 1 Flow diagram of the study
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and baseline assessment. Allocation will be blinded
and performed using a computer-generated random
allocation schedule operated by a remote researcher.
The allocation of participants will be concealed
by using sequentially numbered, sealed and opaque
envelopes.
Procedures
Patients attending outpatient physiotherapy will be
screened by their treating physiotherapists, who will de-
termine eligibility, inform about the trial objectives and
invite participation. The ones that manifest interest will
be given the Participant Information Statement by their
treating physiotherapist and decide if they want to par-
ticipate in the study. A senior physiotherapist from
Liverpool Hospital will be responsible for booking po-
tential participants on their second to last appointment
to meet the investigator after discharge. At discharge,
patients that agree to participate will be asked to sign
the consent form. The assessor will collect demographic
and anthropometric data (age, height, weight, waist cir-
cumference) as well as baseline data related to the study
outcomes. A device able to accurately estimate how
physically active a person is throughout the day (Acti-
graph) by measuring 3-dimensional body accelerations
will be given to all participants at baseline with clear in-
structions for use and telephone support available. The
Actigraph will collect accelerometer-based data over a 1-
week period to account for day-to-day variation in phys-
ical activity levels [23]. Participants will be provided with
pre-paid envelopes to return the devices to the research
centres. The Actigraph has been successfully used to
measure physical activity in large-scale population-based
studies internationally [23, 24]. The analyses will be ad-
justed for accelerometer wear time defined by ‘off time’.
Any period of greater than 60 min with no activity at all
will be considered to be ‘off time’ and excluded from the
analyses. Data will be extracted by a research assistant
who will remain blinded to group assignment through-
out the trial.
Interventions
The physical activity intervention group will receive a
booklet developed by Australia’s Department of Health
called ‘Make your move – Sit less, be active for life!’ The
booklet includes information about physical activity and
sedentary behaviour. Participants will also be advised to
continue their usual activities. The physical activity
intervention group will also receive an individualised
patient-centred physical activity plan developed with the
advice of a health coach. The focus of the patient-
centred physical activity will be on a gradual increase in
physical activity where participants will be encouraged
to devise fortnightly goals to suit and advance their
physical activity levels. This intervention will be supported
by the use of mHealth, which will include a specifically de-
signed mobile web application (web app) and a physical
activity monitoring device (FitBit).
The intervention will address the following factors:
Health coaching: This will involve an initial individual
face-to-face coaching session. The session can take up to
2 hours and it will be held at the participants’ home.
The health coach will be an experienced physiotherapist
with a health coaching certification. Their aim will be to
motivate and support the participants to increase their
physical activity levels. The health coaching session will
encompass:
1. Increasing physical activity: Participants will be
assisted to develop a physical activity plan that suits
their lifestyle preferences. The World Health
Organisation (WHO) guidelines addressing healthy
adults recommend at least 150 min of moderate-
intensity or 75 min of vigorous-intensity aerobic
physical activity throughout the week or an
equivalent combination of moderate- and vigorous-
intensity activity. These recommendations relate not
only to sports, but also to other leisure activities,
work and transport activity [25]. Suitable local
exercise opportunities will be identified using the
NSW Ministry of Health’s Active and Healthy [26]
online database.
2. Decreasing sedentary behaviour: Participants will
be encouraged to increase incidental physical
activity throughout the day. Options may include
travelling by public transportation to work,
walking to shops, carrying out a home exercise
program, standing at work and spending less time
sitting while at home.
3. Goal-Setting: Goals are more effective when they are
important to the individual (e.g., self-set rather than
assigned), realistic, can be monitored, and when the
participant receives positive encouragement [27].
The health coach will jointly work with each
participant to set short-term physical activity goals
to be achieved fortnightly. The participants’
individual goals will be set taking into consideration
the nature of LBP and its normal clinical course.
Although the focus of the interaction between the
coach and participants is not on symptom monitoring,
if significant clinical decline (e.g. participants’ reports
of nerve root compromise) is observed, coaches will
advise participants to seek appropriate treatment. The
health coach will aim to monitor their goals, giving
them support and motivation.
This health coaching service will be modelled after the
successful [19] NSW Ministry of Health initiative Get
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Healthy service. After the first individual face-to-face
coaching session, the health coach will contact each par-
ticipant fortnightly (12 phone calls over a 6 month
period each participant) to assess progress, update the
participants’ short-term goals and assist in overcoming
barriers – e.g. how to get back to exercise after illness,
and provide problem-solving strategies for maintaining
physical activity.
The Fitbit activity monitor and feedback device: The
activity monitoring device will be provided to the par-
ticipant by the health coach during the initial visit who
will also demonstrate its use. Each participant will re-
ceive a brief orientation covering this instrument’s
proper functions. Telephone support will be offered to
participants who have difficulty with the device setup.
The Fitbit is a personal accelerometer device designed to
track physical activity and sleep. This device logs indi-
vidual data on physical activity and provides feedback on
the number of steps taken in each 24-hour period; the
distance walked daily; calories burned; and sleep dur-
ation and quality. The number of steps taken per day,
week, and month are also summarised graphically on
the device’s website (http://www.fitbit.com/au) or a
Smartphone application, which will also be demon-
strated to the participant.
The IMPACT web app: The IMPACT web app: A mo-
bile web app will be built and hosted by the University
of Sydney. The app will be customised specifically for
the purposes of this project to allow participants to
monitor their goals and their physical activities. Partici-
pants will be able to access the app at any time and write
reports about their physical activity related goals to their
health coach as well as receive coach-tailored feedback.
In addition, each participant will receive a quick ques-
tionnaire every week to monitor their pain levels, based
on the Numerical Rating Scale; disability, based on the
Rolland-Morris disability questionnaire and care-seeking
associated with LBP. This questionnaire was created spe-
cifically to this project. The health coach will have the
ability to view the participant’s report and communicate
with them by phone fortnightly to discuss their goals
and update them according to their reports and feed-
back. Personalised messages constructed by the health
coach will be sent every week to encourage participants
to achieve their goals. In summary, the IMPACT web
app will be designed to facilitate monitoring achieve-
ment and providing updates on participants’ goals, en-
couraging them to engage in physical activity and track
potential adverse events.
The standard care control group will receive the ‘Make
your move – Sit less, be active for life!’ booklet and will
be advised to work towards increasing their physical ac-
tivity levels and achieving their two long-term goals as
defined at baseline.
Outcomes
Primary outcomes will be collected at baseline and weekly
over a period of 6 months of intervention through an on-
line, self-reported electronic questionnaire, created by the
research team. The physical activity intervention group
will receive a reminder every week through the web app
with a brief questionnaire related to the primary out-
comes. The standard care group will receive a SMS re-
minder every week with a link to the same questionnaire.
Secondary outcomes will also be collected electronically at
baseline, 6 and 12 months. Both groups will fill out the
same questionnaire through the same system. The elec-
tronic version of the baseline questionnaires and the
weekly questionnaire were created by the research group
and will be hosted by the University of Sydney.
Primary outcomes
Care-seeking associated with LBP Care-seeking will be
assessed at baseline and weekly over a 6- month period
through a specifically designed electronic questionnaire.
The participant will be able to register information related
to care-seeking such as any visits to a health practitioner
(i.e. general practitioner, physiotherapist, chiropractor,
etc), type of pain self-management (i.e. heat pack, bed rest,
hot shower, etc), and medication intake (i.e. type of medi-
cation taken).
Pain levels Pain levels will be assessed with the numer-
ical rating scale (NRS) [28]. The NRS is an 11-point
scale ranging from 0 to 10, where 0 defines absence of
pain and 10 describes unbearable pain [28]. The weekly
electronic questionnaire developed for the trial will
gather average weekly pain levels based on the NRS [28].
Disability Functional disability will be assessed with the
Roland–Morris Disability Questionnaire (RDQ) [29]. It
consists of 24 questions focusing on normal activities of
daily life. Each affirmative answer corresponds to 1 point
and the final score is determined by the total number of
points. Total score ranges from 0 to 24 and higher
scores indicate higher disability. Scores above 14 indicate
severe impairment [30]. The weekly electronic question-
naire will also gather weekly disability impairment based
on the RDQ.
Secondary outcomes
Secondary outcomes will include:
Physical activity: Self-reported physical activity will be
measured using the International Physical Activity Ques-
tionnaire (IPAQ) [31]. Objectively measured physical
activity will be assessed over a 7-day period using a
matchbox-sized accelerometer (Actigraph GT3X+). Par-
ticipants will be instructed to wear the accelerometer on
the right hip, attached via an adjustable elastic belt, for
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seven consecutive days during waking hours (except dur-
ing water activities or bathing). Activity counts per sec-
ond will be collected at a sampling frequency of 30 Hz
and reintegrated to 60-second epochs for data analysis.
The mean counts/minute/day ActiGraph measure will
be computed as the total counts accumulated in a valid
day divided by the wear time of that day. To be consid-
ered as a valid day for analysis, ActiGraph wear time
must include 10 h or more. Periods of 60-minutes or
more of consecutive zeros (indicating non-use) will be
considered as “off-time”. Participants will receive a diary
to record all their activities on their waking hours during
the 7 days that they will be wearing the Actigraph. Ac-
celerometer data will be manually checked against par-
ticipant diary to verify wear time and erroneous data will
be excluded prior to analysis.
Goal attainment will be assessed using the Goal At-
tainment Scale (GAS) [27]. Two long-term goals will be
defined by the participant at trial entry GAS is a method
used to evaluate interventions according to the attain-
ment of a number of participant-specific goals. In effect,
each participant has his/her own outcome measure but
this is scored in a standardised way to allow proper stat-
istical analysis. Traditional standardised measures in-
clude a standard set of tasks (items) each rated on a
standard level. In GAS, tasks are individually identified
to suit the participant, and the levels are individually set
around their current and expected levels of performance
[32]. According to a recent systematic review, GAS de-
livers reliable and valid scores when employed as an out-
come measure in working age and older people within a
physical and neurological rehabilitation environment [33].
Sample size calculation
The sample size for this trial was determined in order
to detect a 2-point difference between groups on the
pain intensity outcome measured by the Pain Numer-
ical Rating Scale, assuming a standard deviation of 1.9
points [34]. According to a study conducted by J. T.
Farrar et al. [35], in a randomized controlled trial a
raw change of 1.74 and a percent change of 27.9 % on
a 0–10 pain intensity scale is a clinically important im-
provement [36].
The following specifications were used: statistical power
of 80 %, alpha of 5 %. Anticipating maximum loss to
follow-up of 35 % [37] the calculated target sample size is
68 patients (34 participants per group). As this is a pilot
study, it will investigate the feasibility of conducting a ran-
domized controlled trial (RCT) testing an innovative phys-
ical activity management strategy to prevent decline in
clinical outcomes following conservative treatment for
people with chronic LBP. Findings from this trial will in-
form on the feasibility, effect size and design of a large
multi-centred RCT.
Statistical analysis
The effect of treatment will be separately analysed for
each outcome using linear mixed models with time as a
repeated factor, group as a fixed factor and participants
as a random factor. The coefficient of the group x time
interactions will provide estimates of the effects of in-
terventions over time. Between-group differences in
mobility-related goal attainment, at 6 months after
randomisation, will be analysed with ordinal regres-
sion. To aid interpretation of goal attainment, the
scores will also be dichotomised (goal met versus goal
not met), and odds ratios calculated. Accelerometer
data will be processed using ActiLife 6 software. Ac-
ceptable wear time will be set a priori and defined as
4 days or more of 10 h or more per day. All analyses
will be performed by intention-to-treat and blinded to
treatment group. Potential covariates that will be investi-
gated are baseline pain and disability levels, number of
previous treatments, symptom duration, co-morbidities,
age and socioeconomic status.
Process evaluation: qualitative study
Several face to face semi-structured interviews will be
conducted with a minimum of 20 participants from
the physical activity intervention group, at 1 and
6 months after study enrolment, in order to under-
stand the experiences and attitudes of participants
with regard to undertaking the intervention. Partici-
pants will be judgmental sampled to obtain a range of
demographic data including gender, age and physical
activity level. Participants will be interviewed about
perceived advantages and disadvantages of the inter-
vention, motivation, self-efficacy and confidence, be-
liefs about physical activity. The main facilitators and
barriers of the intervention will be identified using
thematic analysis.
Ethics
The trial includes key methodological features to min-
imise bias in controlled trials: randomisation, con-
cealed allocation, specification of eligibility criteria,
blinded outcome assessment, blinded analysis, and
intention-to-treat analysis. Data will be stored in
spreadsheets and transferred to appropriate statistical
software for analysis by an investigator blinded to
group allocation. Spreadsheets will be regularly scruti-
nised for omissions and errors. Data will be stored
and accessed as per the University of Sydney ethics
requirements.
This protocol was registered at the Australian New
Zealand Clinical Trials Registry (ACTRN12615000189527)
and was prospectively approved by the Human Research
Ethics Committee from the South Western Sydney Local
Health District (Local HREC reference 15/015).
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Discussion
This RCT will represent a major advance in the field be-
cause it will investigate a new model of care to prevent
clinical decline in patients who have received the bene-
fits of conservative treatment for chronic LBP. Patients
who experience recurrence of LBP after treatment are
prone to seek additional care in the form of physiother-
apy, medication, and attending emergency departments.
This intervention aims to empower patients to self-
manage their LBP as well as to prevent back pain recur-
rence, disability and reduce care seeking by offering
patients a contemporary patient-centred physical activity
program with the support of mHealth technology. This
new model of care is based on a model used in a funded
NHMRC trial combining physical activity promotion
and fall prevention in older people [38] which is man-
aged by co-investigator Tiedemann. This is an innovative
approach of translating knowledge from health fields
and a successful model will be translated to a population
recovering from LBP that seeks care through public and
health private systems. The impact on reducing the
current yearly $1 billion treatment costs for LBP could
be substantial. The outcomes of this program of research
will have immediate clinical practice implications. If ef-
fective, this new model of care has the potential to be
implemented in the management of other chronic con-
ditions that would benefit from increased physical activ-
ity participation, such as osteoarthritis, heart disease and
diabetes. The results of this trial will be published once
the study is concluded.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ABA, EP, MS, MLF, AT, MJ and PF were responsible for the design of the
study. ABA and PF will act as the study coordinators. All authors read and
approved the final manuscript.
Acknowledgments
This study will be funded by a competitive grant awarded by the Medibank
Health Research Fund and the proposal was peer reviewed. The funder has
no part in designing the study and in its implementation, analysis, data
interpretation and presentation of the results. ABA is a PhD student
supported by the post-graduate research scholarship “Science without
Borders” awarded from the Brazilian Government. MLF is a Sydney Medical
Foundation Fellow.
Author details
1Discipline of Physiotherapy, Faculty of Health Sciences, The University of
Sydney, 75 East Street, Lidcombe, Sydney, NSW 1825, Australia. 2The George
Institute for Global Health, Sydney Medical School, The University of Sydney,
Sydney, NSW, Australia. 3Institute of Bone and Joint Research, The Kolling
Institute, Sydney Medical School, The University of Sydney, Sydney, NSW,
Australia. 4Physiotherapy Department, Liverpool Hospital, South Western
Sydney Local Health District, Sydney, NSW, Australia.
Received: 25 May 2015 Accepted: 10 December 2015
References
1. Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F,
et al. Chapter 4. European guidelines for the management of chronic
nonspecific low back pain. Eur Spine J. 2006;15 Suppl 2:S192–300.
2. Walker BF, Muller R, Grant WD. Low back pain in Australian adults: the
economic burden. Asia Pac J Public Health. 2003;15(2):79–87.
3. Suzman R, Beard J. Global Health and Aging. U.S. Department of Health and
Human Services/World Health Organization. 2011; 11-7737.
4. Kongsted A, Kent P, Hestbaek L, Vach W. Patients with low back pain had
distinct clinical course patterns that were typically neither complete
recovery nor constant pain. A latent class analysis of longitudinal data.
Spine J. 2015;15(5):885–94.
5. Dunn KM, Croft PR. Epidemiology and natural history of low back pain. Eura
Medicophys. 2004;40(1):9–13.
6. Ferreira ML, Ferreira PH, Latimer J, Herbert RD, Hodges PW, Jennings MD, et al.
Comparison of general exercise, motor control exercise and spinal manipulative
therapy for chronic low back pain: A randomized trial. Pain. 2007;131(1-2):31–7.
7. van Middelkoop M, Rubinstein SM, Verhagen AP, Ostelo RW, Koes BW, van
Tulder MW. Exercise therapy for chronic nonspecific low-back pain. Best
Pract Res Clin Rheumatol. 2010;24(2):193–204.
8. Enthoven P, Skargren E, Oberg B. Clinical course in patients seeking primary
care for back or neck pain: a prospective 5-year follow-up of outcome and
health care consumption with subgroup analysis. Spine. 2004;29(21):2458–65.
9. Pinto RZ, Ferreira PH, Kongsted A, Ferreira ML, Maher CG, Kent P. Self-
reported moderate-to-vigorous leisure time physical activity predicts less
pain and disability over 12 months in chronic and persistent low back pain.
Eur J Pain. 2014;18(8):1190–8.
10. Vuori IM. Dose-response of physical activity and low back pain, osteoarthritis,
and osteoporosis. Med Sci Sports Exerc. 2001;33(6 Suppl):S551–86.
discussion 609-10.
11. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R,
et al. Using pedometers to increase physical activity and improve health: a
systematic review. Jama. 2007;298(19):2296–304.
12. Macedo LG, Bostick GP, Maher CG. Exercise for prevention of recurrences of
nonspecific low back pain. Phys Ther. 2013;93(12):1587–91.
13. Mansi S, Milosavljevic S, Baxter GD, Tumilty S, Hendrick P. A systematic
review of studies using pedometers as an intervention for musculoskeletal
diseases. BMC Musculoskelet Disord. 2014;15:231.
14. McDonough SM, Tully MA, Boyd A, O'Connor SR, Kerr DP, O'Neill SM, et al.
Pedometer-driven walking for chronic low back pain: a feasibility
randomized controlled trial. Clin J Pain. 2013;29(11):972–81.
15. Eakin EG, Lawler SP, Vandelanotte C, Owen N. Telephone interventions for
physical activity and dietary behavior change: a systematic review. Am J
Prev Med. 2007;32(5):419–34.
16. Lichtenstein E, Glasgow RE, Lando HA, Ossip-Klein DJ, Boles SM. Telephone
counseling for smoking cessation: rationales and meta-analytic review of
evidence. Health Educ Res. 1996;11(2):243–57.
17. Allen KD, Oddone EZ, Coffman CJ, Datta SK, Juntilla KA, Lindquist JH, et al.
Telephone-based self-management of osteoarthritis: A randomized trial.
Ann Intern Med. 2010;153(9):570–9.
18. Castro CM, King AC. Telephone-assisted counseling for physical activity.
Exerc Sport Sci Rev. 2002;30(2):64–8.
19. O'Hara BJ, Phongsavan P, Venugopal K, Eakin EG, Eggins D, Caterson H,
et al. Effectiveness of Australia's Get Healthy Information and Coaching
Service(R): translational research with population wide impact. Prev Med.
2012;55(4):292–8.
20. Iles R, Taylor NF, Davidson M, O'Halloran P. Telephone coaching can
increase activity levels for people with non-chronic low back pain: a
randomised trial. J Physiother. 2011;57(4):231–8.
21. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: Updated
guidelines for reporting parallel group randomised trials. Journal of
pharmacology & pharmacotherapeutics. 2010;1(2):100–7.
22. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gotzsche PC, Krleza-Jeric K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158(3):200–7.
23. Colley RC, Garriguet D, Janssen I, Craig CL, Clarke J, Tremblay MS. Physical
activity of Canadian adults: accelerometer results from the 2007 to 2009
Canadian Health Measures Survey. Health Rep. 2011;22(1):7–14.
24. Hagstromer M, Troiano RP, Sjostrom M, Berrigan D. Levels and patterns of
objectively assessed physical activity–a comparison between Sweden and
the United States. Am J Epidemiol. 2010;171(10):1055–64.
Amorim et al. BMC Musculoskeletal Disorders  (2016) 17:36 Page 7 of 8
25. (WHO) WHO. Global recommendations on physical activity for health.
Geneva: WHO Press; 2012.
26. Active and Healthy. http://www.activeandhealthy.nsw.gov.au/. Accessed 22
of September 2014.
27. Kiresuk TJ, Sherman RE. Goal attainment scaling: A general method for
evaluating comprehensive community mental health programs. Community
Ment Health J. 1968;4(6):443–53.
28. Von Korff M, Jensen MP, Karoly P. Assessing global pain severity by self-
report in clinical and health services research. Spine. 2000;25(24):3140–51.
29. Waddell G. The Back Pain Revolution. Edinburgh: Churchill Livingstone; 1998.
30. Costa LO, Maher CG, Latimer J, Ferreira PH, Ferreira ML, Pozzi GC, et al.
Clinimetric testing of three self-report outcome measures for low back pain
patients in Brazil: which one is the best? Spine. 2008;33(22):2459–63.
31. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
et al. International physical activity questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;35(8):1381–95.
32. Turner-Stokes PL. Goal Attainment Scaling (GAS) in Rehabilitation: A
practical guide. Clin Rehabil. 2009;23(4):362–70.
33. Hurn J, Kneebone I, Cropley M. Goal setting as an outcome measure: A
systematic review. Clin Rehabil. 2006;20(9):756–72.
34. Magalhaes MO, Franca FJ, Burke TN, Ramos LA, de Moura Campos Carvalho
e Silva AP, Almeida GP, et al. Efficacy of graded activity versus supervised
exercises in patients with chronic non-specific low back pain: protocol of a
randomised controlled trial. BMC Musculoskelet Disord. 2013;14:36.
35. Farrar JT, Young Jr JP, LaMoreaux L, Werth JL, Poole RM. Clinical importance
of changes in chronic pain intensity measured on an 11-point numerical
pain rating scale. Pain. 2001;94(2):149–58.
36. Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M, et al.
Interpreting change scores for pain and functional status in low back pain:
towards international consensus regarding minimal important change.
Spine. 2008;33(1):90–4.
37. Schaller A, Froboese I. Movement coaching: study protocol of a randomized
controlled trial evaluating effects on physical activity and participation in
low back pain patients. BMC Musculoskelet Disord. 2014;15:391.
38. Tiedemann A, Paul S, Ramsay E, O'Rourke SD, Chamberlain K, Kirkham C,
et al. What is the effect of a combined physical activity and fall prevention
intervention enhanced with health coaching and pedometers on older
adults' physical activity levels and mobility-related goals?: Study protocol for
a randomised controlled trial. BMC Public Health. 2015;15(1):477.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Amorim et al. BMC Musculoskeletal Disorders  (2016) 17:36 Page 8 of 8
